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1. Introduction
The human oral cavity is a complex ecosystem, inhabited by more than 300 bacterial species,
mycoplasmas, protozoa, and yeasts [1]. Any external interference could disturb the balance
between components of the microflora in this environment. Fixed orthodontic appliances are
an example of such an interference. Bonding of brackets usually includes acid etching of
enamel, which results in changes in the morphology and chemical nature of the tooth surface.
It has been found that decalcified enamel constitutes good support for adhesion and prolifer‐
ation of mutans streptococci [2]. It is also known that living cells easily adhere and colonize
polymeric surfaces [3-5]. Thus, composite resins, containing polymers used for attaching
brackets to etched enamel, provide surfaces especially prone to adhesion and growth of
microorganisms [6-8]. In effect, fixed dental appliances induce development and retention of
bacterial plaque [9-14]. Development of dental plaque usually leads to an increased level of
caries-inducing bacteria in the oral cavity (e.g. mutans streptococci and lactobacilli) [2, 15, 16].
These observations indicate that fixed orthodontic appliances induce a certain risk for
development of caries.
2. Caries risk in orthodontic patients
The risk of developing a caries lesion around a bracket, placed on the buccal tooth surfaces
during orthodontic treatment with fixed appliances, is high [10, 17, 18]. This risk is attributed
to the presence of brackets, arch wires, ligatures, and other orthodontic auxiliaries that
complicate conventional oral hygiene measures, which in turn, leads to increased plaque
accumulation at the base of the brackets [12, 19]. In the presence of fermentable carbohydrates,
demineralization of the enamel around the bracket occurs rapidly [10, 12, 20]. Despite im‐
provements in materials and preventive efforts, demineralization may occur around ortho‐
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dontic appliances after only one month [11]. Children between 11 and 14 years, the age group
in which orthodontic treatment is usually carried out, are considered to be at high risk of
developing caries [21]. Fixed orthodontic appliances create extra retention sites, leading to
more mutans streptococci soon after the start of treatment [22, 23]. A study concluded that
measures including intensive brushing and careful cleaning with dental floss of the spaces
around brackets under arch wires and between teeth were insufficient to decrease mutans
streptococcus and lactobacillus levels. Thus, patients with fixed appliances carry a high caries
risk.
2.1. Caries prevalence in orthodontic patients
The prevalence of new enamel lesions among orthodontic patients treated with fixed appli‐
ances and using fluoride toothpaste is reported to range from 13 to 75% [10, 14, 24, 25].
Although demineralized enamel can remineralize after de-bonding, the lesions are often
irreversible [11-13, 17]. Inactive demineralized enamel was found to be present five years after
the completion of orthodontic treatment [18]. The lesions have been reported to develop on all
teeth, but are most frequently observed on the cervical and middle third of the buccal surface
of the lateral maxillary incisors, the mandibular canines and the first premolars [10, 17]. The
long-term presence of enamel lesions, which appear as white spots, is a concern for both the
patient and the orthodontic profession.
2.2. Fluoride toothpaste
Fluoride toothpaste has been widely used for more than four decades and remains a bench‐
mark for the prevention of dental caries [26-28]. It reduces caries in both primary and perma‐
nent teeth [28]. For this reason, fluoride toothpaste plays an important role as an effective caries
prevention measure worldwide [28]. Topical fluoride (mouth rinses, gels, and varnishes), used
in addition to fluoride toothpaste, achieves a modest reduction in caries compared with
toothpaste used alone [29]. Numerous studies have shown that even low levels of fluoride,
resulting from the regular use of toothpaste, have a profound effect on enamel demineraliza‐
tion and remineralization [30, 31]. Considering the widespread use of fluoride toothpaste
during orthodontic treatment, there is little evidence as to which method to deliver the fluoride
paste is the most effective.
At least four factors influence the anti-caries efficacy of fluoride toothpaste: (1) frequency of
brushing, (2) duration of brushing, (3) fluoride concentration in the toothpaste, and (4) post-
brushing rinsing behavior. Brushing should be recommended minimum twice daily [32] and
patients should be persuaded to brush for longer periods of time [33]. A recent study by Zero
et al. [34] concluded that both brushing time and dentifrice quantity might be important
determinants both of fluoride retention in the oral cavity and of consequent enamel reminer‐
alization.
There seems to be a correlation between the fluoride concentration of dentifrices and caries
prevention [35]. Treatment of demineralized dentin with a toothpaste containing 5, 000 ppm
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fluoride reduces mineral loss and lesion depth on exposed dentin [36]. In a randomized clinical
trial comparing 5, 000 and 1, 450 ppm fluoride, the high fluoride toothpaste reversed non-
cavitated fissure caries lesions [37]. Moreover, the group using 5, 000 ppm fluoride showed a
significantly higher decrease in laser fluorescence of enamel than the 1, 450 ppm fluoride
group. Furthermore, dentifrice containing 5, 000 ppm fluoride was significantly better at
remineralizing root caries lesions than a dentifrice with 1, 100 ppm fluoride [38]. In addition,
caries active adolescents using the 5, 000 ppm toothpaste had significantly lower progression
of caries compared to subjects using the 1, 450 ppm toothpaste, after two years [39].
Rinsing method after brushing teeth has been found to correlate with caries experience and
caries increment [40]. Salivary fluoride concentration measured after dentifrice application
decreases significantly with increasing water volume, rinse duration, and frequency of rinsing
[41, 42]. A toothpaste technique where a slurry rinse with the toothpaste is carried out after
brushing increases the efficacy of fluoride toothpaste and reduces approximal caries in
preschool children by an average of 26% [43]. A recent study by Sonbul et al. [43] reported 66%
preventive fraction effect on approximal caries between the group that used a modified
fluoride toothpaste technique compared to the group who continued with their regular oral
hygiene habits. Furthermore, eating immediately after brushing reduces the salivary fluoride
level about 12-15 times compared with brushing alone [44]. There is an increase of fluoride in
both proximal saliva and plaque, using a dentifrice with 5, 000 ppm fluoride without post-
brushing water rinsing compared to with rinsing [39]. Post-brushing rinsing habits may play
an important role in the oral retention of fluoride from dentifrices that may, in turn, affect their
clinical efficacy [41].
The specific aim of the chapter is to test the hypothesis that toothpaste slurry rinsing, combined
with some other simple post-brushing advice (in this thesis called modified fluoride toothpaste
technique [MFTT]), would reduce the number of decayed and filled tooth surfaces (DFS) in a
two-year randomized clinical trial in orthodontic patients.
3. Material and methods
3.1. Subjects
The study population consisted of 150 orthodontic patients at baseline, recruited consecutively
during a period of six months at a well-established orthodontic clinic in Riyadh, KSA. They
were randomly divided into two groups (test group and control group) with 75 individuals in
each group. After six months, we had dropout recession around 33% to achieve a final sample
size of 100 orthodontic patients (Figure 1).
A power analysis with an assumption significance level of 5%, standard deviations of 3.0 DFS,
least detectable difference of 2.0 ∆DFS, and a power for that detection of 90% was performed
and produced a minimum sample size of 45 observations per group.
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Figure 1. Study IV CONSORT flow chart.
3.2. Examination
The examination consisted of recording the plaque index according to Silness and Löe [45]
Registration of caries was done according to WHO [46] after prophylaxis, flossing, and
radiographic exam according to Mejàre et al. [47], which consisted four bitewings. A total of
24 surfaces were included in the radiographic DFS index, from the distal of the first pre-molars
to the mesial surface of the second molars. Filled surfaces underlined with caries were scored
as recurring caries.
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Upon completion of the examination, the patients in both test and control groups received a
Colgate Max Cavity fluoride toothpaste containing 1450 ppm (Colgate, Riyadh, KSA).
3.3. Oral hygiene instructions including MFTT
The test groups received verbal and written instructions of the MFTT. They were as follows:
(1) use 2 cm (1 gram) of dentifrice on a wet toothbrush, (2) spread the toothpaste evenly in the
lower and upper arches, (3) brush all surfaces for 2 min, (4) use a small amount of water,
equivalent to a handful, together with the dentifrice remaining in the mouth and filter the
dentifrice slurry between the teeth by active cheek movements for 30 s before expectorating,
(5) avoid further rinsing with water, (6) avoid drinking or eating for 2 h, (7) brush at least twice
a day, after breakfast and at night before going to bed, and (8) abstain from all other types of
dentifrice during the treatment and until its completion (Figure 2). To ensure that all patients
in both groups had a supply of the toothpaste used in the study, they were supplied with the
toothpaste at each visit or on request.
The control group was given the routine clinic oral hygiene instructions, which consisted of
brushing at least twice a day after breakfast and after dinner before going to bed. At each




Figure 2. The Modified Fluoride Toothpaste Technique (MFTT).




The Statistical Package for Social Sciences (SPSS Inc., Chicago, IL, USA, version 18.0, Mac OSX)
was used for the statistical analysis of the determined measurements in all four studies. ∆DFS
and prevented fractions (PF) were calculated according to these two formulas (∆DFS = follow-
up DFS - baseline DFS), (PF = [control group ∆DFS - test group ∆DFS]/control group ∆DFS ×
100). For the descriptive statistics, the mean values with standard deviations were calculated.
To determine statistically significant differences between the groups, the independent sample
t-test was applied between the groups. The paired t-test was utilized to check intra-examiner
reliability for the radiographic analysis. The 25 randomly selected radiographs were checked
within one-week interval. In all the analyses, P < 0.05 was considered statistically significant.
4. Results
4.1. Plaque index, clinical and radiographic DFS
The test and control groups’ baseline and follow-up plaque index, clinical DFS, radiographic
DFS, and clinical + radiographic DFS values are shown in Table 1. At baseline, there were no
significant differences between the groups. At follow-up, the total number of teeth available
was almost the same in both groups (26.9±1.7 test vs. 26.8±1.7 control). At the end of the study,
test group patients had a significantly better plaque index in comparison to the control group
(P < 0.05). Both groups showed an increase in their DFS index, both clinically and radiograph‐






Plaque Index 1.4±0.5 1.5±0.6 1.1±0.8 1.6±0.7
Clinical DFS 5.6±5.7 5.7±5.4 5.8±6.0 7.4±7.7
Radiographical DFS 2.7±3.0 2.3±3.2 3.1±3.0 4.1±4.0
Total DFS 8.3±7.5 8.1±8.4 9.0±8.0 11.6±10
Table 1. Plaque index, clinical DFS, radiographical DFS, and total DFS for test and control groups. Mean±SD are given
both at baseline and at follow up. There were no statistical significant differences at baseline and only plaque index
was significant at follow-up.
4.2. Caries incidence
The clinical, radiographic, and clinical + radiographic ∆DFS (incidences) are shown in Figure
3. Compared with the test group, the control group patients had > 7 times clinical DFS (P <
0.001), > 4 times radiographic DFS (P < 0.001), and > 5 times clinical + radiographic DFS (P <
0.001), with preventive fraction of 87%, 78%, and 83%, respectively.
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Figure 3. Caries incidence (∆DFS) in the test and control groups after two years. The mean ± SD values are given on
top of each column. There were statistically significant differences (P < 0.001) between the groups in the clinical, radio‐
graphic and total DFS.
5. Discussion
This chapter focuses on caries risk and prevention in orthodontic patients. High concentrated
fluoride toothpaste combined with no post-brushing water rinsing and the MFTT could be a
suitable regime for patients with high caries risk.
The MFTT aimed to both increase the fluoride concentration and prolong the time during
which the fluoride level is elevated in the oral cavity. Spreading dentifrice on the teeth prior
to brushing and rinsing with toothpaste slurry immediately after brushing can be expected to
produce a more even distribution of the dentifrice and an enhanced fluoride concentration
compared with a more conventional technique. Brushing twice daily has been shown to be a
very important factor for caries prevention [48], while not eating or drinking for two hours
secures a longer time period of elevated fluoride concentration. It must be remembered that
the MFTT contains a package of advice. It is possible to speculate about the factor that is most
important, but it is not possible to identify a specific one that made our test group patients
develop significantly less caries.
Duckworth et al. [49] found that the fluoride concentration in saliva after brushing vanished
rapidly as a result of thorough rinsing. Chesters et al. [50] showed that the water-rinsing
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pattern among children after brushing influences the cariostatic effect of fluoride toothpaste.
They concluded that children who did not use water beakers for rinsing had a significantly
lower (16%) caries incidence, during a three-year period than those who used water beakers.
Sjögren et al. [43] studied different types of post-brushing behavior; they also evaluated the
caries reducing effect of a technique very similar to the one used in Study IV. They concluded
that mouth rinsing with the toothpaste foam-water slurry after brushing elevates the concen‐
tration of fluoride in saliva for a prolonged period of time as compared to tooth brushing
followed by a single or double water rinse; children who used the MFTT developed fewer DFS.
These observations are in agreement with Study IV, i.e. the test group patients had a signifi‐
cantly lower mean caries incidence in comparison to the control group. The MFTT technique
is easy to teach. Patients can be instructed on how to perform the technique; they can perform
it personally in the orthodontic clinic and a pamphlet can be handed to the patients with clear
illustrations and instructions.
The large difference found in the ∆DFS between the test and control group patients in KSA
should not be expected in other countries with a low DFS prevalence. For example, Sweden
has long tradition of using fluoride toothpaste and other fluoride products in orthodontic
patients and the expected caries reduction after using the MFTT is therefore lower.
5.1. How to treat orthodontic patients in the sagacity of caries risk and prevention - personal
reflections
Orthodontic patients are special kind of patients. They usually come to our clinic complaining
about mal-alignment, and few come asking us to solve a functional or prophylactic problem.
Most of them underestimate the importance of having excellent oral hygiene practices before
and throughout their active prolonged orthodontic treatment. For patients with active caries
or having a high risk to develop caries, delaying orthodontic treatment would be my preferred
choice. For patients with DMFT index above the mean of their corresponding population,
orthodontic treatment should be initiated only when they have been followed over a period
of time sustaining excellent oral health habits.
There is a huge responsibility on an orthodontist before bonding brackets and ligating wires.
It is simplified in something I call PDE (patient diet education). PDE is highly recommended,
particularly for patients with a high DMFT index. The cariogenic potential of foods should be
explained, the significant effect of fermentable carbohydrates (sugar containing food as an
example) on the number of Lactobacilli should be mentioned and the frequency of meals per
day and its effect on the pH should be explained.
Patients should be taught the MFTT and should then be asked to demonstrate their ability to
perform the technique. They should understand the importance of each step of the technique,
brushing after meals while timing themselves when they brush (2 min brushing), rinsing with
the toothpaste for 30 seconds and avoiding eating, drinking or further rinsing for 2 h after. The
beauty of the MFTT that it can be applied to any regular toothpaste and have significant effect
on caries incidence, it can be prescribed in any situation (low, medium or high risk to develop
caries) and in any dental clinic (ortho, perio, endo, etc.).
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Compared with other dental specialties, orthodontists have a great opportunity to place the
emphasis on MFTT in their clinics, as they usually visit the clinic every 6 -12 weeks. During
active orthodontic treatment, orthodontist and the hygienist should work as a team, continu‐
ously reminding the patient of MFTT, encouraging proper diet, and evaluating caries risk on
every appointment. Any signs of decalcification or poor oral health status should be docu‐
mented (taking photos as an example) and potential risks re-explained to the patient and their
guardians, in case the patient is a child. If repeated episodes of bad oral hygiene are occurring,
wires can be removed and patients are asked to improve their oral hygiene. They should be
followed up and evaluated for 3 months. If active caries developed at anytime during treat‐
ment, wires and brackets should be removed, preventive caries measures should be explained
and applied, and later after 6 months of evaluation, treatment can be re-initiated.
It is not difficult to reduce orthodontic patients’ caries risk and prevent the incidence of new
caries lesions, but it is only challenging to an orthodontist to establish a routine regime and
spare few more minutes evaluating, educating, and advising his or her patients. Hopefully
this chapter will aid orthodontists around the world to achieve these goals.
6. Conclusions
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